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Infrared spectra of methyl 2-chloro and methyl 2-bromopropionatc 
and the Raman spectra of the compounds at dificrent tempera­
tures in the liquid phase have been studied. Analysis of the 
results indicates that in the liquid state, molecules of each of 
the compounds exist in three stable roUmicric forms viz, one a s  
and two gauche. The population of the gauche rotamers is 
observed to increase with lowering (^ f temperature of the liquid.
1. fNTROlHU HON
Molecules of some aliphatic esters and their derrivatives have been shown 
to exist in the liquid phase in several configurations arising mainly from 
orientation about C—C bonds in them, the rotation about C—O  bond being 
of minor impoitance. (Brown 1962, Neelkantan 1964, Charles et al 1973, 
Jones & Owen 1973). Identihcation of the rotamers of these compounds 
have been made mostly from partial analysis of their vibrational spectra 
(Josien & Galas 1955, Bellamy & Williams 1957, Brown 1962) and complete 
assignmnts of the observed frequencies have been reported only in a few 
cases. (Neelkantan 1964, Charles et al 1973). In order to provide adequate 
data needed for such assignments, a programme hais been undertaken in this 
laboratory for studying the vibrational spectra of a series of halogenated esters. 
In the present communication, the results of investigation on the Raman and 
infrared spectra of two relatively simple haloesters viz, methyl 2-chloro and 
methyl 2-bromopropionate have been reported. Attempts have been made 
to make reasonable assignment of the observed spectra of the two molecules 
and to detect the existence, if any, of the conformers possible for each of 
the two molecules.
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2. E x p h r im fn ia l
I'hc Uanian and infrared spectra of the esters in the liquid state at ordinary 
temperature ( 9 0 T )  were obtained photographically with a Fucss glass spcc- 
h'ograpli and with a Perkin Elmer infrared s|>ectrophotometer respectively. 
The Raman spectra of the liquids at low temperature ( ~ llO'^C) were recorded 
using a bath of a mixture of alcohol and liquid nitrogen and that at high 
lemperalure with a suitable electrical heater. The changes in the
relative intensity of a chosen pair c)f Raman lines in each of the two liquids, 
with change of temperature, were measured by microphotometric methods.
3. R tsolts
The observed vibrational treciuencies the two eompt)unds together with 
their relative intensities are listed separately in tables I and 2. Tlicse also 
contain the proposed assignments. Analysis of the results are presented in 
the following paragraphs.
4 .  D i s c u s s i o n
The molecules of methyl 2-chloro and methyl 2-bromopropionalc arc 
structurally similar and if the OCH:; grcuip in each molecule is assumed to 
exist in the cis- eemfiguration as in other esters (Neclkantan 1964, Charles cf ul 
1973, Som and Mukherjee 1975, 1976, Som 1976) both of them will have 
only one rotational axis. Hindered rotation about this C— C bemd will give 
rise to three ditferenl conformers designated a s , ,i*auche 1 and gauche 2 as 
shown in figure 1. The structural similarity of the two molecules is also 
reflected in the observed Raman and infrared spectra of the two compounds 
in the liquid phase.
X - C ^ B r ;  CH3
Cis Gauche 1 Gauche 2
Fig. 1. Three molecular conformatioixs of methyl 2-chloro and methyl 2-bromo
propionates
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Table 1. Raman and infraied bands of methyl 2-dIoropropionalc in liquid
state (SOT)
Raman shifts 
Avcni“ 1
Infrared bands 
vcm ‘
Assignments
134 (3) 
202 ( 1)
243 (1) \ 
305 (4) 1 g ( f - (  (1)
356 (5) 0
404 (4) 5 ((' ‘ -0 )
46S (6) - O
623 (4) 77 (t 0 )
602 (8) 
722 (6)
b'H) (m) 1. g:.„a,c
V K - t ii j
771 (7) (w) v «  - ( ! ) / (  H. R<K'k CIS
850 (10) 8()() (s) (( (H ,) Rock
0S6 (8) %5 (m) v (C -C )
985 (w) v ( C - 0
007 (5) 1010 (s) v ( ( ’ -C )
1077 (4) 1070 (s)
1158 (4)
IKK) (w) 1 
1165 (s) / R (C -C H ,)
1195 (s) (0 -C H ,)  RiK-k
1240 (4) 1245 (s)
0
/ /
R (0 -C H .) / ( ( ) -C  ) 
\
1280 (5) 1285 (m) CH wag
133^  (m) CH wag
138*^  iv.) 5(CH j  sym
1440 (sh) S(0CH;,) s\m
1457 (8) 1450 (s) 5 (CH j) assym
1757 (8) 1745 (vs) v (C -O )
2870 (4)
2850 (m) 1  
2880 (w) j V (CH) in CH.j, sym
2948 (8) 2940 (sh) \ 
2%0 (s) j
V (CH) in Cff.; assym
2989 (7) 2990 (s) v(CH) in CH/v(CH) in OCIi,
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T ab ic  2. R am an  and infrared bands in m ethyl 2 -brom op rop ion ate in liquid
state ,3()”C)
Raman shifts Infrared bands 
vcni
Assignment
129 (5)
239 (1) }  
269 (9) /  
330 (5)
370 (1)
442 (8)
5 (C -~ C -B r)  
S ( C - O - C )  
5 ( C - C - O )  
8 ( ( ' - C - C )
!SS0 ( 6 )  (T h ic k ) 7 C ( C - 0 ) / v ( C - B r )  )
653 (5 ) 654 (w) v ( C - B r )  1  v jauene
6 63  (8 ) 670  (m ) v ( C - B r )  Cis
755 (6 ) 757 (m ) C H ,  Rock
852 (8 ) 857 (s) ( C - C H . , 1  R ock
956 (8 ) (s) V ( (  - C )
995 (4 ) 1000 (s3 V t C - C )
1065 (.5) 1068 (s) V  ( O - C  H.,)
1094 (5 ) 1100 (m )  \ ( C - C H , )  R o ck
1158 (6 ) 1160 (s )  i R  ( C - C H . , )
1PK> (1 ) 1192 (w ) ( O - C H . , 1  R ock
O
/ /
1229 (6 ) 1226 (s) R ( 0 - C H . , ) / v ( - O - C  )  
\
1272 ( m ) C H  wag
1304 (1 ) 1350 (s) C H  wag
1383 (2 ) S  (C H .,)  sym
1443 (8 ) 1446 (vs) S  (C H ;,)  assyin.
1748 (8 ) 1740 (vs) S ( C - O )
2871 (5 ) 5  (C H )  in C H a sym.
2936 (6 ) 2957 (m )  1 S  (C H )  in CH.,  assym.
2999  (6 ) 2985 (w ) / S  (C H )  in C H / v (C H )  in OCH ,
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A comparison of the data presented in tables 1 and 2 show that there 
are broad spectral regions in which the vibrational frequencies of the two 
molecules are similar. One of these regions extends from 3000 to 1300cni”  ^
and another from 13(X)-900 cm  ^ From the known characteristics, of the 
vibrational frequencies of the CH:  ^ and CH groups, the bands at
b ^ 3 0 0 0  cni"^ in each of the two molecules are attributed to the stretching 
vibration of the single CH bond and the Raman and infrared frequencies in 
the region 2960-2850 cm"^ are assigned to asymmetric and synunetric CH 
stretching vibrations in the methyl and methoxy groups.
The asymmetric CH deformation frequencies in these tw(^  groups are 
correlated with the frequencies at ^  1450 cm  ^ while the bands at 
1380 cm ' are identified with the symmetric deformation mcxlc. The inplane 
and out o f plane wagging modes of the single CH give rise to the frequencies 
at ^  1340 and 1280 cm ’ respectively. The strong Raman lines and infraicd 
bands in the frequency region 174tT1757 cm ' arc easily assigned lo the 
carbonyl stretching vibration. All these assignmenis are shown in the 
respective tables.
The region between 1250-9(X) cm ' contains the frequencies arising from
O
!i
O —CH.{ rocking and stretching, C“ -CH:{ rocking, —C—O stretching and skeletal 
C— C stretching modes of vibration. It is seen from the tables that the
correspondence between these frequencies in the two molecules is very good. 
The bands at 1200 and 1240 cm~' arc assigned lo the O— CH.n rocking 
modes while those ixt ^  100 and 1160 e n r ' to similar modes of C- CH.-t group. 
However, the frequencies at -- 1240 cm ' may also be due to the C -O
O
II
stretching mode in the — Q—C -- group. The vibration frequency at 
1070 cm ' in both the compounds has been ascribed to another C 
stretching mode in the —O — CH;. part of the esters. The Raman bands
between 1000-950 cm ' and (heir corresponding counterparts in the infraied 
spectra definitely represent the skeletal C—C stretching frequencies.
Below the frequency range ^00 cm ’ in molecules containing the 
group, one or two bandis representing C-CHa rocking mode have generally 
been observed and the bands 859 cm ' in methyl 2-chloro and 852 cm "' in 
methyl 2-bromopropionale are attributed to one such mode of vibration. 
The other mode is some what difficult to identify, fn the chloro compound, 
there is a Raman line at 771 cm~' (infrared band at 765 cm ~') and in the
bromocompound, a similar Raman line at 755 cm ' (infrared) band at
757 cm’’ )^ is observed. The band in the former molecule may represent a 
frequency arising from the stretching of the C—Cl bond, which is not 
possible in the latter. In 2-halobulanes, Bencdetti and Cecchi (1972) have 
observed bands between 770-780 cm "' which have been assigned by them lo
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a mode involving CH;> rocking vibration, it, therefore, seems justified to 
correlate the frequencies 771 and 755 cm~’ in chloro and bromo esters 
respectively, with such vibrational mode. In the chloro compound, howevei, 
the superposition of this vibrational frequency with C Cl stretching frequency 
is highly probably.
The frequency region frome about 6(X) cm  ^ down to ^  100 cm“  ^ has 
ben attributed mainly to vibrational modes arising from the deformation of 
the molecular skeleton. Though some degree of correspondence in the 
spectra of the two compounds is found also in this respect, the a)rreIation 
is not very certain. Following the assignments made in many molecules 
containing similar skeleton (Wilmshurst 1957, Charles ct al 1973) some of 
the observed vibration frequencies have been identified and arc .shown in the 
tables without further elaboration but some discussion regarding the C =::: O 
deformation vibration are presented.
The C i:::: O  out of planc bending frequencies, designated as t: (C ™ O ), 
in ester molecules lie usually in the region 625-500 enr f  In methyl acetate 
(Wilmshurst 1957), the tt (C ^  O) frequency is reported al 615 cm ’~ 
and according to Thompson (1945) this frequency in the alkyl propionates 
occurs at ^  600 cn r\  Soni (1975) assigned the frequency 617 cm * in 
ethyl 2-chloropropionate and Som and Mukherjee (1976) attributed lhal al 
536 cm *^  in mchyl 3-bromopropionate to this mode of vibration, fn the 
Raman spectrum of methyl 2-chloropropionate, there is a band at 623 CFir* 
and in methyl 2-bromopropionatc a broad Raman line at 550 cni"^ has been 
observed.
The former is easily identified with the tc (C  --  O) mode of vibration 
while the latter is interpreted as arising from superposition of the frequency 
of the Ti (C  ^  O) vibration and a C-Br stretching vibrational frequency. 
This is similar to that observed in methyl 3-bromopropionalc. (Som & 
Mukherjee).
A careful examination of the data given in tables 1 and 2, show that the 
total number of bands observed in these ’spectral regions, whose assignment 
has been presented in the above paragraphs, is barely enough to account for 
all the vibrational modes possible for only one molecular configuration in 
each case. But the spectral region between 8fJ0-650 cm ’ in methyl 2-chloro- 
propionate and 7(X)-550 cm  ^ in methyl 2-bromopropionate contain a number 
of extra bands which points to the existence of rotational isomerism in these 
molecules. It can be seen from table 1 that in the Raman spectrum of 
methyl 2-chloropropionatc, there are three strong lines at 771, 722 and 
692 which occur in the region specified for the carbon-chlorine vSiretch-
ing frequencies in alkyl chlorides (Shipman et al 1962) and in some chloro- 
substituted esters (NeelkanUin 1964, Som 1976). In view of this, all the 
three frequencies have been attributed to C—Cl stretching vibrations. Similarly*
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following Ihc assignnienib given in ihc cases of Ihc alkyl bromides (Bentley), 
ethyl bromoacctate (M cBce and Cristian 1955) and methyl 3-broinopropianatc 
(Som and Mukherjee 197(>), the three frequencies 663, 653 and 550 cm~  ^
observed in the Raman spectrum of methyl 2-bromopropionate are considered 
as arising from carbon-bromine stretching vibrations. \hc Raman line at 
771 cm“  ^ in the chlorocompoimd and 550 cm^  ^ in the biomocomp<mnd, may, 
as shown earlier, also be due to CH- rocking mode and (C O) mcKlc 
ol vibration of the respective moiecuics.
'File analysis of the special regiini represeniing frequencies due to carbon- 
halogen stretching vibration thus reveals tliat there ar.: three such frequencies 
in each of the two molecules and this leads to the conclusion that the 
molecules of the two compounds, in the liquid state, exist in at least hrec 
different conformations, earlier termed cis. gauche 1 and gauche 2. It has 
been found that in many haloacetyl halides (Khan .md Jonathan 1969) the 
the C-Cl stretching frequency for the cis isomer (trans vv.r.t to halogen) 
occur at a value higher than that due to the gauche isomer and the same 
trend is observed also in the case of chloroacetone (Mizushima 1954), ethyl 
haloacelatcs (Ncelkanlan 1964) and ethyl halopropinate (Som 1976). In 
view of this, of the three carbon-balogcn stretching licquencies in methyl
2-chloro and and methyl 2-bromopropionale, the one of highest value, in each 
case, has been attributed to the cis form and the remaining two frequencies 
to the two cauchc forms of the molecules
In order to study the relative stability of the rotamers of each of the
compounds, measurements tm the temperature variation ol the relative intensities 
of a pair of Raman lineis due to carbon-halogen stretching in two differeui
structural forms have been made over the temperature range of 9()"C to
- IIO V . In the case of methyl 2-chloropn'>pionatc molecule, it has been
observed that as the temperature decreases, the intensity of Raman line at 
771 cm * due to the cis fnim decreases while of the kaman line 722 cm ’ 
due to one of the two gauche forms increases. Similarly, in methyl 2-bronio- 
propionate, the ratio of the intensities of the Raman line 663 cm  ^ of the 
cis rolamer to that of 653 cm  ^ representing one of the gauche rotamers has 
been found to decrease with decrease of temperature. 1'hese facts lead to 
the conclusion that in each of the methyl 2-halopropionatcs, in the liquid 
slate, the population of one of the two gauche rotamers, increases with 
lowering of temperature, or in other words, in the liquid phase of each of 
the two compounds, this gauche rolamer is more stable than the cis rotamcr. 
The conformation of the molecules in the solid state could not be ascertained 
because perfect crystalline masses were not obtained inspiie of rcipeatcd 
attempts. However, it may be of interest to not that in the similar molecule 
of ethyl 2-chIoropropionate, the gauche rolamer has been found to be the 
only conformer present in the crystalline phase at low temperature (Som 
I 976).
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